Olive leaves are an agricultural residue resulting from the pruning of olive trees that may be considered an available industrial byproduct. The olive tree is biochemically characterized for the presence of secoiridoids, carbohydrates, sugar alcohols, and terpenoids. Oleuropein, especially abundant in the olive leaves (up to 14% DW), have the greatest biological interest.
INTRODUCTION
The accumulation and managing of residues from the agricultural and food industries represent a serious problem from the economic and environmental points of view.
Nevertheless, the valorization of such by-products for the recovery and/or biotransformation of their organic matter emerges as a relevant opportunity that changes the mere waste treatment in a process for the obtaining of high added value products. Olive leaf is one of the most important agricultural biomass in Spain. A typical olive tree pruning batch includes 70% thin branches (by weight, with approx. one-third made up of leaves). In Spain, the current annual production of this biomass is estimated in more than 7×10 6 ton (3000kg ha −1 (2001) . Deionized water was obtained from a Milli-Q purification system (Millipore, Bedford, MA, USA). Solid-phase extraction cartridges Strata SDB-L (C18 over a base of poly-styrenedivinylbenzene; 100µm; 260Å; 1000mg/6mL) were purchased from Phenomenex Inc (USA).
Extraction procedure. Two grams of milled leaves were homogenized with 40mL of ethanol in a Sorvall OMNI MIXER Mod.17106 (DuPont Instruments, Newton, CT, USA), for three min. The ethanolic raw extract was filtered through Whatman paper. Asiatic acid (500µL of a 1mg/mL solution in absolute ethanol), 1mL of sorbitol (1 mg/mL in ethanol/water 1:1) and 1mL of p-hydroxyphenyl acetic acid (PHPA) (1 mg/mL in absolute ethanol), as internal standards for triterpenoids, sugars and phenols determinations, were added to a 1.5mL aliquot of the olive leaf extract. Extracts from the each olive cultivar were obtained in three replicates.
Fractionation of terpenoids, phenols and sugars of the ethanolic extract by
filtration and SPE. The extracts (standards included) were brought to dryness under reduced pressure at 40°C, re-suspended in 1.5mL of deionized water and filtered through a Luer-Lock filter supporting a PTFE membrane of 0.20µm pore size. The insoluble terpenoids and chlorophyllic pigments were retained in the filtering membrane. Chlorophylls were removed by passing 4mL ethanol/water (1:1, v/v), and subsequently the triterpenoids were recovered from the filter with 3mL of absolute ethanol. An aliquot (400µL) of this ethanolic solution was reduced to dryness and reconstituted in 200μL of acetonitrile/H 2 O (85:15, v/v, 0.5% phosphoric acid), vortex mixed for 30s, and filtered through a 0.45μm membrane prior to its HPLC analysis.
On the other hand, the filtered aqueous extract containing the phenols and sugars was fractionated by solid phase extraction in a Strata SDB-L cartridge. The SPE column was placed in a vacuum elution apparatus and conditioned by passing of 20mL of methanol, followed by drying under moderate vacuum, and 20mL of water. Then, 1mL of the aqueous extract was loaded into the column. A first fraction, containing sugars and polyols, was eluted with 4mL of water The SPE column was then washed with 2mL of distilled water and dried under moderate vacuum. Subsequently, a second fraction carrying the phenolics was eluted with 6mL of methanol and cold stored at -20 0 C until its analysis.
GC-MS identification of OLE major biocompounds. An aliquot of the ethanolic extract containing the triterpenoids was reduced to dryness by a nitrogen stream. The residue was silylated with trimethylsilyl trifluoroacetamide (1% trimethylchlorosilane):pyridine (3:1).
Identification of terpenoids was performed using GC-MS, QP2010 Ultra (Shimadzu, Europa GmbH) fitted with an AOC-20i autosampler, an ion source of electron impact and a quadrupole detector. The splitless mode was used and the injector temperature was set at 290°C. Helium as a carrier gas at a pressure of 53.1kPa and a flow of 1mL/min was used. The oven temperature program was as follow: initial temperature 50°C for 1 min, 50-200°C at 40°C/min , 200-280°C at 10°C/min and finally held for 2 min. Total run time: 14,75 min. The MS conditions were: interface temperature: 280°C; ion source temperature: 220°C; electron impact: 70eV; acquisition mode: scan (m/z 50-600). The identification of terpenoids were accomplished by comparing the retention times and abundance ratios of two fragments ions (216 and 203 m/z), specifically, 216m/z for triterpenic dialcohols and 203m/z for triterpenic acids.
For the identification of phenolics, an aliquot of the methanolic SPE-fraction was previously derivatized with pyridine:bis(trimethylsilyl)trifluoracetamide:chlorotrimethylsilane (5:5:1) for 30 min at 70 0 C, and then analyzed by GC-MS according to Justino et al., (2010) , on a Shimadzu QP2010 equipped with a capillary column (SPB-5; 30 m×0.32 mm; 0.25 μm film thickness; Supelco, Spain).
The SPE purified sugar fraction was evaporated to dryness and silylated with trimethylchlorosilane and hexamethyldisilazane (1:1, 1mL) in dry pyridine (1mL) for 1h at 70ºC. The sugars were identified using the above mentioned GC-MS apparatus according to Kaycee and Kırmızıgül (2010) .
HPLC determination of terpenoids, sugars and phenols.
Triterpenes quantification. Triterpenoids from the olive leaf were analyzed by HPLC, using a modification of the method previously described for the determination of triterpenoids in human serum (Rada et al., 2011) . The separation and detection were performed with a Merck-Hitachi liquid chromatographic system (Hitachi High-Technologies Europe GmbH, Germany) equipped with a Rheodyne injection valve (20µL loop), a 30ºC thermostatized C18 reversed-phase Waters Spherisorb ODS-2 column (250x4.6mm inner diameter, 5μm particle) (Sigma-Aldrich, Spain), and a L4250-UV-Vis detector. The analyte was eluted isocratically at a flow rate of 0.8mL/min with the mobile phase of acetonitrile/H 2 O (85:15, v/v, 0.5% phosphoric acid). The optimum wavelength for determination was 204nm. Quantification of terpenic acids was realized using asiatic acid as internal standard.
Saccharides and polyols quantification. Quantification of sugars and alditols was carried out by a modification of the method previously established by Romani et al. (1994) , which use an isocratic HPLC technique. The separation and detection were performed with a Merck-Hitachi liquid chromatographic system (Hitachi High-Technologies Europe GmbH, Germany) equipped with a refractive index detector L-2490 and a Rheodyne injection valve (20µL loop). A SUPELCOGEL Ca (30cm x 7.8mm) (Sigma-Aldrich, Spain) ion exchange chromatography column (85°C) and deionized water as the mobile phase (0,5mL/min) were employed. Quantification of saccharides and polyols was carried out using D-sorbitol as internal standard.
Phenols quantification. Quantification of phenols from the methanolic SPE-fraction was performed by a modification of the method previously described by Rada et al. (2007) .
An Analytical Photodiode Array Detector (Spectro Monitor 5000. Artisan Technology Group. IL, USA), a Rheodyne injection valve (20μL, loop) and a Lichrospher 100RP-18 column 250x4 mm i.d., 5µm) (Merck, Darmstadt, Germany) were used. Elution was performed at a flow rate of 1.0mL/min using as mobile phase a mixture of water (0.1% formic acid) (solvent A) and methanol/acetonitrile (50:50 v/v at 0.1% formic acid) (solvent B). The solvent gradient changed according to the following program: from 95 to 70% solvent A in 25min, to 65% in 5min, to 40% in 5min, to 30% in 10min, and 0% solvent A in 5min, followed by 5min maintained at 100% B. Quantification of phenols was carried out at 280nm using PHPA as internal standard.
Statistical analysis.
All data are presented as the means±standard deviation from three independent experiments carried out in triplicates. The data were evaluated by one-way ANOVA with the SigmaStat 3.5 Software (SPSS Inc. Chicago, IL, USA). Comparison of means was assessed using the Tukey's test, and statistical significance was considered at p > 0.05.
RESULTS AND DISCUSSION
Extraction and identification of olive leaves bioactive compounds. This study was carried out with the aim of the ecofriendly recovery of pentacyclic triterpenes, bioactive sugars and phenolics from the olive leaf using molasses ethanol 96% as extracting media. We use this non-toxic and relatively cheap bio-solvent because is a good extracting agent for all the objective compounds, and it's selective to mannitol versus other sugars present in olive leaves. Many of the reported procedures for the extraction of the olive leaf components have used methanol, but the increasing interest in the potential utilization of these compounds in humans invoke the search of protocols based on non-toxic extractants. The advantages of using molasses ethanol were previously shown by us in (Tabera-Galván et al., 2005) . carried out by modifications of methods previously established in our lab using asiatic acid, PHPA and D-sorbitol as internal standards for triterpenes, phenolics and sugars, respectively (Rada et al., 2007; Guinda et al., 2010) . Narrow and symmetrical peaks for all the detected OLE bio-compounds were obtained at the aforementioned chromatographic parameters, and all the internal standards were well distinguished in the conditions that the analysis were carried out. Figure 2 shows a typical HPLC-UV chromatogram of pentacyclic triterpenes from the olive leaf. The major triterpenoid is oleanolic acid, which represents up to 63-69% of the triterpenic fraction in the four studied olive varieties. Maslinic and ursolic are also present at significant concentrations, ranging between 18-23% and 6-9%, respectively. In addition, the triterpenoids dialcohols erythrodiol and uvaol, immediate biosynthetic precursors of oleanolic and ursolic acids, appear as minor components. Figure 4 shows a typical HPLC-IR chromatogram of saccharides and polyols in ethanolic OLE. The mayor saccharide is mannitol, which represents up to 67-80% of the sugars fraction in the four studied varieties.
Sucrose and glucose are other two significant sugars present in the ethanolic extract, with concentrations that ranged between 14-23% and 5-10%, respectively. Among the group of phenolic compounds extracted with ethanol, oleuropein is clearly the major, representing a 54-56% of this fraction in the leaves of the four Spanish olive varieties (Figure 4) . Peaks 3, 6 and 1 are also present at significant levels (around 12.5 1.3 and 7.2%, respectively), accompanied by 2, 4 and 7 peaks as minor components.
Validation of the methods
Terpenes recovery. Terpenes were separated from other components of the ethanolic extract using their water insolubility. Thus, when the alcoholic OLE were reduced to dryness, re-suspended in deionized water and filtered through a PTFE membrane of 0.20µm pore size, the insoluble triterpenoids were retained in the filtering membrane. To study the recovery efficiency of this procedure, we used standard oleanolic acid solutions at the concentration range 0.1-1.0mg/mL. Three levels of concentrations were assayed and each point was analyzed in triplicate by HPLC as indicated in the 2.6.1 section. Table 1 shows the recovery and precision data of the major terpenic acid present in ethanolic OLE. Terpenes recovery ranged between 94.7-96.2%.
Recovery of sugars and phenolics by SPE. Separation of phenols and soluble carbohydrates in olive leaf extract was carried out by solid-phase extraction with Strata SDB-L cartridges. A multi-standards solution (sucrose, glucose, mannitol, sorbitol, PHPA, hydroxytyrosol, luteolin-7-O-glucoside and oleuropein) was prepared in Milli-Q deionized water and fractionated following the protocol described in the 2.4 and 2.6 sections. Three independent assays performed in triplicate were carried out, and the efficiency of the recovery and precision of the method were determined (Table 1) and sugars were 1.8, 2.1 and 2.3µg/mL, respectively. Quality controls at four concentration levels (0.1, 0.2, 0.4 and 0.5mg/mL) were performed to evaluate intra-and inter-assay precision and accuracy of the methods, with four replicates for each level. The precision of the methods was expressed as relative standard deviations (RSD) for replicate measurements, whereas the accuracy was stated by the percentage of deviation between nominal and calculated concentrations. The analytical procedures were found to be precise with RSD values within 1.9-8.7% for terpenoids, 2.3-7.7% for saccharides and 2.6-7.5% for phenols (intraday assay). On the other hand, the interday RSDs were below 5% for all the analytes.
The overall recoveries lay between 92.0 and 96.4% for all the reference compounds, with relative standard deviations (RSD) less than 10.0%. These recoveries were not statistically different than 100% at 95% confidence level (p > 0.05), which indicated that the established method was accurate enough for the determination of these compounds in olive leaf extract.
Application of the analytical procedure in four olive varieties. After establishing this new procedure for the extraction and analysis of the main bioactive compounds of the olive leaf, we applied it in a comparative study with ethanolic extracts of the four most important Spanish olive cultivars ('Arbequina', 'Hojiblanca', 'Lechin' and 'Picual'). All the olive leaves analyzed came from the same olive orchard, with the same soil, climate and culturing conditions. In addition, the leaves from the central portion of olive branches were collected at the same time (March 2013) . Therefore the found differences should be attributable, mainly, to the genetic profile of the olive cultivars.
From Table 2 , it can be observed that ethanolic extracts from olive leaf contain high levels of triterpenes, sugars and phenols. The phenolic derivatives are quantitatively the most important group of bioactive compounds. It stands out the 'Picual' cultivar, where phenolics represent more than 15% by weight of dry leaf. 'Hojiblanca' and 'Lechin' leaves show very similar levels (around 11% DW), whereas 'Arbequina' exhibits the lowest contents of these secoiridoids (ca. 8% DW). Sugars and alditols, the second group of bioactive compounds in quantitative importance, represent a 4-5% of the olive leaf dry weight. In this case, the leaves of the 'Picual' and 'Lechin' cultivars are those with the greatest contents, and 'Hojiblanca' displayed the lowest. Finally, our analytical procedure shows that the abundance of triterpenoids was very similar in leaves of the 'Picual', 'Hojiblanca' and 'Lechin' cultivars, where they almost achieved a 5% DW. The 'Arbequina' leaf had the lowest contents of triterpenes. Figure 3 illustrates an example of the chromatographic analysis of the pentacyclic triterpenoids present in ethanolic OLE. In this chromatogram, it can be observed the presence of very important levels of oleanolic acid, the significant concentration of maslinic acid and lower amounts of ursolic acids and of the dialcohols erythrodiol and uvaol. The Table 3 shows the contents of the different triterpenes in extracts of the four studied Spanish olive cultivars, standing out that they are dependent on the olive variety. As we mentioned, oleanolic acid is the major triterpenoid, with levels that achieved up to 3.2% leaf DW. 'Hojiblanca' exhibited the greatest content of this triterpenoid, followed by 'Lechin' and 'Picual'. 'Arbequina' is the cultivar with the lower level of oleanolic acid. Also remarkable are the leaf content of maslinic acid, the main triterpenoids in the olive fruit. This compound is present in the 'Picual' leaf at levels around 1.1% of the dry weight, and in the other three cultivars in the range 0.8-0.9%.
Pentacyclic triterpenes in ethanolic OLEs from four Spanish olive cultivars.
Considering the distinction among triterpenic acids and dialcohols, it could be stated that the ethanolic OLEs from 'Picual' leaf are characterized by the highest level of triterpenic acids, whereas those from "Arbequina" exhibit the highest quantities of triterpenic dialcohols. All these data confirm previous results reported by our laboratory using GC-FID for the quantification of triterpenoids (Guinda et al., 2010) , as well as with those described by other authors (Sánchez-Avila et al., 2007; Sánchez-Avila et al., 2009) .
Saccharides and polyols.
The soluble carbohydrate composition of the olive leaf differs from that of many other plant species, in which sucrose and sorbitol are the main components.
Instead, glucose, fructose, mannitol, sucrose, galactose and inositol were the main sugars found in the leaves and wood of olive trees (Drossopoulos et al., 1988; Tommaso et al., 2000) . A typical HPLC-IR profile of the saccharides present in ethanolic OLEs is exposed in the Figure 3 . In addition, their quantitative analysis is shown in Table 4 . As it can be seen, mannitol is clearly the most abundant saccharide in ethanolic OLEs (65-81% DW). Sucrose (14-25%) and glucose (5-9%) are present in lower concentrations, whereas the rest of the sugars (fructose, galactose, manose or inositol) are almost negligible. These results differ somewhat from previous findings indicating that glucose (49%) is the main saccharide in the olive leaf, followed by mannitol (41%) and fructose (6%) (Tommaso et al., 2000; Gómez-González et al., 2010) . These differences may be explained by the extracting agent we use (Molasses ethanol 96 0 ), which is not optimal for sugars extraction, although it is very adequate for a selective extraction of mannitol.
As in the case of triterpenoids, the saccharide composition of OLEs is dependent of the cultivar. The greatest levels of mannitol were found in ethanolic extracts of 'Picual' and 'Lechin' leaves, with a yielding of 3.9-4.0 grams of the alditol per 100 grams of dry leaf. It is striking the significantly lower levels of mannitol in extracts from the 'Arbequina' cultivar. An agronomic aspect that influences the saccharide composition of the olive leaf in a given time is the irrigation regime. In our study, however, the differences we have found can be attributed almost exclusively to the genetic profiles of each olive cultivar, because, as already mentioned, all leaf samples were collected at the same time in the same orchard, where the soil, climate and culturing conditions were identical. Further than oleuropein, the contents of luteolin-O-glucoside, ligstroside and hydroxytyrosol were also importants (1-2 % DW). The phenolic profile of the ethanolic OLEs obtained by this method is similar to those exposed by other authors (Savournin et al., 2001; Japón-Lujan et al., 2006) despite they use different ethanol/water ratios in the extracting media, and probably different olive cultivars. On the other hand, an aspect already mentioned in this work that brings strength to the results is the exclusion of factors related to the different source of the olive leaf samples, in terms of geographical origin, soil, climate, culturing regime or harvest time.
We should emphasize the high contents of oleuropein and its derivative hydroxytyrosol in the ethanolic extracts of olive leaf. These specific secoroids from Oleaceae are strongly demanded by the food, cosmetic and pharmaceutical industries. In order to their commercial supply, the two main raw sources of these bioactive compounds are the olive leaf and the semi-solid waste from the olive oil industry, known as alperujo. The olive leaf exhibits the greatest levels of oleuropein among all the olive organs. Whereas the concentration of this secoroid in olive oils barely achieves a 0.12%, or in alperujo might reach up to 0.87%, in the olive leaf have been reported oleuropein contents as high as 14% (Ucella 2001) .
A simple, rapid, and reliable analytical procedure for the extraction and analysis of the major bioactive compounds in ethanolic OLE samples: oleuropein, oleanolic acid, and mannitol is developed. The method was characterized by good precision, linearity, and accuracy. The results obtained in this investigation are in agreement with previous research about the presence of oleanolic acid and oleuropein in the olive leaf. We conclude that the established method can be suitable in addition to routine analysis in the control of the processes for obtaining high-added-value compounds from olive leaf. We think that this may contribute to the valorization of the olive grove biomass, which is currently not well profited.
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